The epidemiological analysis of Erysipelothrix isolates recovered from pigs, cattle and chickens was studied by the analysis of acriflavine resistance and the PCR-based DNA fingerprinting method using random amplified polymorphic DNA (RAPD). Thirty-two Erysipelothrix field isolates, 1 Erysipelothrix reference strains and +-random primers were tested. Among the tested primers, the primers NK0 (CCCGCGCCCC) and D3-// (CCGGATCCGTGATGCGGTGCG) produced noticeable results. The primer NK0 revealed / RAPD patterns (aῌe) while primer D3-// revealed 2 RAPD patterns (AῌH) that were not serovar specific. Namely, di#erent patterns were produced among strains of the same serovar showing that the RAPD method is able to identify the genetic variations of Erysipelothrix species but the RAPD data demonstrated that the some serovar +a E. rhusiopathiae strains including strain Koganei 0/ῌ*.+/ for the production of live vaccine were closely related each other genetically, irrespective of their acriflavine resistance. Based on these results, we concluded that the RAPD method with primer D3-// is a rapid and reliable method to di#erentiate Erysipelothrix isolates from various animals ; and might be a useful tool for the epidemiological analysis of the Erysipelothrix species.
Introduction
Erysipelothrix rhusiopathiae is a small gram-positive rod that causes erysipelas in swine and turkeys. Erysipelas can occur as an acute septicemic or chronic disease, with development of arthritic lesions and endocarditis -*῍ . Less frequently, it causes polyarthritis in lambs and calves ,1῍ , septicemia in ducks and chickens +., +2῍ and also an important pathogen in the field of public health as it is the cause of erysipeloid in humans +1῍ .
E. rhusiopathiae and other species of Erysipelothrix continue to colonize and contaminate farmed animals, slaughter houses and animal products. Erysipelothrix infection still poses a potential threat to the economy of the farmed animal industry, as well as being a potential human public health hazard ., /, +-, +/, ,*, ,2῍ . Live attenuated vaccines or bacterins have been used for the control of swine erysipelas for many years. In Japan, an acrifavine-fast attenuated strain Koganei 0/ῌ*.+/, obtained from a virulent strain by 0/ passages on agar media containing *.+/ῌ acriflavine dyes, has been used for the production of live vaccine for swine ,,῍ and the strains of serovar +a (abbreviated as Kg-+a) has been used around the country since +32-as the seed-lot system started ,3῍ . However, it has been suggested that the currently available vaccines do not prevent the chronic form of the disease and that vaccination may cause an increase in arthritis lesions 3, +,, ,+῍
. A possible reason for this increase may be interference with vaccine immunogenicity by the presence of maternal antibody -+῍ .
Although an attenuated vaccine is used in Japan +3, ,,, ,3῍ , recent increase in disease occurrence has cast doubts on its e$cacy. This vaccine has the disadvantage of diseasecausing potential in highly susceptible pigs such as specificpathogen-free (SPF) pigs, indicating a clear need for urgent development of safer vaccines +*῍ and for identification of the genetic construction of their active antigen +,῍ .
To identify the exact state of swine erysipelas, it is impor-tant to discriminate the live vaccine strains from others. However, there is a report on this subject by Makino et al. rhusiopathiae strains resistant to acriflavine were genetically di#erent in pulsed field gel electrophoresis (PFGE). Consequently PFGE has led to major advancements in the understanding of the epidemiology of acriflavine resistant E. rhusiopathiae, allowing comparisons of strains from di#erent sources. To determine the relationship between the Erysipelothrix strains from di#erent animals, we undertaken the acriflavine resistance test and the PCR-based DNA fingerprinting method using random amplified polymorphic DNA (RAPD).
Materials and methods

Bacterial strains
A total of -, E. rhusiopathiae isolates from pigs (,* isolates), chickens (/) and cattle (/), one isolate from slaughter house cutting plate and one isolate from the surface of cattle carcass collected in Ishikawa, Miyagi, Yamagata, Gunma, Nagazaki and Tokyo prefectures, Japan, between +33+ and ,**/ were used in this study ( Table +) .
Two serovar +a strains (Fujisawa, originally isolated from a septicemic pig and Kg-+a, attenuated live vaccine strain), two serovar , strains (ATCC +3.+. of E. rhusiopathiae which had been isolated from pig with endocarditis and Kg-,, former attenuated live vaccine strain), ATCC .---3 (serovar 1) of E. tonsillarum ,.῎ which had been isolated from porcine tonsil, Pecs /0 (serovar +-) of Erysipelothrix sp. strain + which had been isolated from porcine tonsil, and 1+/ (serovar +2) of Erysipelothrix sp. strain , which had been isolated from porcine spleen, were used as reference strains .
Acriflavine resistance test
The acrifavine resistance of -, Erysipelothrix field isolates as well as reference strains ( Table +) were examined by inoculation of the strains on brain heart infusion agar (BHI) (Difco Laboratories, Detroit, USA) supplemented with *.+ῌ Tween-2* (BHIT) and acriflavine (Kanto, Co., Ltd., Japan). Acrifalvine was serially diluted two-fold (range *.,-*.***/ῌ at the final concentration) in order to measure minimum inhibitory concentration (MIC). The acriflavine concentration as considered resistance was the highest concentration in which strains showed almost the same growth as they did on *ῌ acrifavine agar. In this study, isolates resistant to *.**,/ῌ to *.*+ῌ were defined as acriflavine resistant. DNA preparation E. rhusiopathiae DNA was prepared for RAPD typing by an adaptation of the procedure described by Makino et al.
+,῎ .
Bacteria were grown at -1ῐC in brain heart infusion (Difco) supplemented with *.+ῌ Tween 2* at pH 1.2. Three milliliters of overnight broth cultures were collected by centrifugation and resuspended in ,** ml of GTE bu#er (/* mM glucose, /* mM Tris-HCl pH 2.*, /* mM EDTA) containing +* mg of lysozyme per ml and +* mg of N-acetylmuramidase (mutanolysin ; Difco) per ml, and the mixture was incubated at -1ῐC for + h. Then, ,/* ml of lysis bu#er (/* mM Tris-HCl, pH 2.* and /* mM EDTA containing +ῌ sodium dodecyl sulfate and ,* mg of proteinase K per ml) was added, and the solution was incubated at //ῐC for + h. The solution was extracted with equal volumes of phenol-chloroform-isoamyl alcohol. After extraction with an equal volume of chloroform, the DNA was precipitated with +/+*, volume of -M sodium acetate and , volumes of ethanol, and the solution was incubated at ῏2*ῐC for + h, washed in 1*ῌ ethanol. The precipitates were dissolved in +** ml of TE bu#er (+* mM Tris-HCl, + mM disodium EDTA pH 2.*) and were treated with ,* mg of RNase per ml at -1ῐC for -* min. RAPD typing RAPD typing was performed by the method of Akopyanz +῎ for the genotyping of Helicobacter pylori. Thirteen primers were examined for their abilities to discriminate among tested strains. These were +* arbitrary +*-mer primers kit (guanine-plus-citosine contents of /*ῌ) (Genosys Biotechnologies, Inc, USA), two primers NK/+ (GGTGGTGGTATC) and NK0 (CCCGCGCCCC) +0῎ and one primer D3-// (CCGGATCCGTGATGCGGTGCG) +῎ . RAPD PCR was carried out with a ,/ῌml reaction mixture containing ,* ng of purified genomic DNA ; -mM MgCl, ; ,* pmol of tested primer ; + U of Ex Taq HS (Takara) ; ,/* mM each dCTP, dGTP, dATP, and dTTP in +* mM Tris-HCl (pH 2.-) ; and /* mM KCl. The thermal cycling conditions were . cycles at 3.ῐC for / min, .*ῐC for / min, and 1,ῐC for / min ; -* cycles at 3.ῐC for + min, //ῐC for + min, and 1,ῐC for , min ; and a final incubation at 1,ῐC for +* min. After PCR, +* ml of each of the PCR products was electrophoresed in a +ῌ agarose gel (Mupid). The agarose gels were stained with *./ mg of ethidium bromide per ml for +/ min and photographed under UV light. A +-kb DNA ladder (Gibco-BRL) was used as a size marker in all gels. All the DNA samples were amplified by using the primers using four species-specific sets Journal of Veterinary Epidemiology ++ ῍+῎ ,-ῌ-+ῌ ,**1
of oligonucleotide primers (ER+F-ER+R, ER,F-ER,R, ER -F-ER-R and ER.F-ER.R) developed by Takeshi et al.
, 0ῌ .
Results
Acriflavine resistance test Out of -, E. rhusiopathiae isolates, +1 were resistant to acriflavine while +/ were sensitive ( Table ,) . Thirteen of the acriflavine resistant isolates were recovered from pigs, twelve of them belonging to serovar +a and one belonging to serovar +b. In addition, two isolates recovered from apparently healthy slaughtered cattle belonged to serovars / and 0. One isolate was from slaughter house cutting plate and another one isolate from cattle carcass exterior. On the other hand, +/ E. rhusiopathiae isolates were sensitive to acriflavine. Six of the isolates recovered from pigs belonged to serovar +a, one serologically untypable isolate from fecal matter of apparently healthy pig and three isolates recovered from apparently healthy slaughtered cattle belonged to serovars +b, +3 and ,+. Furthermore, five chicken isolates belonging to serovar +b were also acriflavine sensitive.
A total of 2 isolates were resistant to acriflavine similarly to avirulent strain Kg-+a which could grow on the agar plates containing acriflavine at a concentration of *.*+ῌ. In addition, the remaining +* isolates could grow on the agar plates containing acriflavine at a concentration of *.*,-*.**/ῌ (Table ,) . However, reference strains, ATCC +3.+., ATCC .---3 and Fujisawa were not able to grow at the *.**/ῌ.
RAPD
Of the +-primers tested, ++ produced one or more RAPD patterns ; among these primers designated NK0 (CCCGC- 
Di#erentiation of Erysipelothrix isolates
GCCCC) and D3-// (CCGGATCCGTGATGCGGTGCG) produced noticeable results. Namely, the primer NK0 produced two RAPD patterns a, b of E. rhusiopathiae species strains (Fig. +) . In addition three RAPD patterns c, d, e of other Erysipelothrix species strains (Fig. +) . Slight di#er-ences appeared among E. rhusiopathiae strains, the RAPD patterns of ATCC +3.+. were di#erent from the other tested serovars of E. rhusiopathiae strains (Fig.+) . 
*4***/ S e E E R .R-ER.F Primer NK0 was not able to distinguish Kg-+a from Kg-, (Fig. +) unlike primer D3-// which was able to distinguish Kg-+a from Kg-, (Fig. ,) . The primer D3-// revealed 2 RAPD patterns among tested strains that were not serovar specific (Fig. ,) .
Among -3 strains, -/ strains showed positive results with the primer ER+R-ER+F as well as ATCC +3.+. (type strain of E. rhusiopathiae), while E. tonsillarum showed positive result with the primer ER,R-ER,F, Pecs /0 showed positive result with the primer ER-R-ER-F and 1+/ showed positive result with the primer ER.R-ER.F (Table ,) .
Discussion
Erysipelothrix infection occurs widely in nature. Swine erysipelas in pigs is the most frequently encountered consequence of infection and this has significant economic impact around the world. Many reports on acriflavine resistant field isolates in Japan. Makino et al.
+,῎ recovered acriflavine resistant E.
rhusiopathiae isolates from the arthritis of slaughtered pigs despite them unable to discriminate serovar +a strains from each other by RAPD. In addition, Imada et al. 3῎ observed that the incidence of acriflavine-resistant strains of serovar +a among strains isolated from animals with chronic swine erysipelas rapidly increased and found that acriflavine resistance is closely related to a specific RAPD type. Furthermore, Sawada et al.
,+῎ demonstrated the incidence of field acriflavine resistant isolates from arthritic pigs at slaughter houses. The primer NK0 produced five RAPD patterns of Erysipelothrix strains as well as slight di#erences among E. rhusiopathiae strains. In contrast, Okatani et al.
+0῎ using this primer with Erysipelothrix strains revealed di#erent RAPD pattern variation among Erysipelothrix strains of the same species that were not serovar specific. While in the present study, primer D3-// revealed 2 RAPD patterns among tested strains (Fig. ,) , it is a reliable method to di#erentiate Erysipelothrix isolates and its discriminatory ability is rapid and reliable to di#erentiate the Erysipelothrix isolates from various animals. In agreement, Imada et al. 3῎ reported that the primer D3-// revealed di#erent RAPD patterns among Erysipelothrix strains. E#ective methods of discrimination between serovar + and , strains are urgently required for epidemiological studies of swine erysipelas. These days, a variety of genomic methods, e.g. RFLP analysis, RAPD analysis, and amplified fragment length polymorphism analysis, has been successfully applied to the typing of both prokaryotes and eukaryotes +῎ . Although two reports have described the possibility of ribotyping +῎ and RAPD typing +0῎ of isolates of the genus Erysipelothrix, they did not focus on serovars + and , and did not constitute epidemiological studies of swine erysipelas. In our present study, strains of serovars +a and +b belonged to di#erent RAPD types with minor variations, and some of them were di#erent from those of the serovar , strains. These results indicate that strains of serovars +a and +b are genetically di#erent from each other and that strains of serovar , are more genetically diverse than strains of serovars +a and +b (Fig. ,) . This agreed with Imada et al. 3῎ who stated that strains of serovar +a, +b and , are genetically di#erent from each other. However, primer NK0 was unable to distinguish Kg-+a from Kg-, (Fig. +) unlike primer D 3-// which was able to distinguish Kg-+a from Kg-, (Fig ,) in the present study. In the present study, we described an acriflavine resistant field isolates from the tonsils of slaughtered cattle, arthritic pigs and pigs with endocarditis at slaughter houses. Consequently, since the marker of acriflavine resistance are ambiguous, a more genetically defined vaccination system is desirable for the future. The recovery of an acriflavine resistant E. rhusiopathiae from the exterior surface of cattle carcass (Shibaura-2, serovar ,) as well as from slaughter house cutting plate (Shibaura--2, serovar +a) ( Table +) indicates both the extent of contamination of carcasses during the slaughtering process and the resilience of the organism. Our previous study ,+῎ on acriflavine resistant E. rhusiopathiae from the arthritis of slaughtered pigs demonstrated that only one of seven isolates showing acriflavine resistance and pathogenecity for mice similar to strain Kg-+a induced similar pathogenicity for swine and gave identical PFGE pattern to the vaccine strain. In our present study, some acriflavine-resistant strains were isolated from pigs with arthritis and were closely related to RAPD type A (Table , and Fig. ,) . The RAPD pattern G of septicemic chicken isolates from Saitama prefecture is similar to the RAPD pattern F of septicemic swine isolates from the same prefecture (Fig. , , lanes 2, 3, +*, ++, +,) although there were minor di#erences among them. From the result of our present study coupled with our previous study, acriflavine resistance does not mean a good selection marker to discriminate the vaccine strain from field isolates. These present results revealed that RAPD is unable to di#erentiate the strains of the same serovar but is able to identify the genetic diversity among Erysipelothrix species. Similarities and di#erences among strains of the same serovar have been described by comparing the cell protein composition using sodium dodecyl sulfate-polyacrylamide gel electrophoresis ,῎ and genetic diversities have been described by multilocus enzyme electrophoresis -῎ . On the other hand, Imada et al. 3῎ reported that typing by RAPD analysis is a simpler and more e#ective method than the acriflavine resistance test for identifying the live vaccine strain. Although RFLP typing with the pKR, probe for serovar +a gave clearer results than RAPD typing, it is laborious and the results obtained were the same as those obtained by RAPD typing.
Vaccination plays a key role in the control of swine erysipelas, especially for the prevention of sudden death from acute septicemia. However, these results indicate that the live vaccine should be used more carefully than the inactivated vaccine, with full knowledge of its merits and demerits, because most live vaccine strains are attenuated and are not necessarily avirulent. Although many live vaccine strains have been developed by passage through rabbits or chicken embryos, air drying, or growth in media containing acridine dyes -*ῌ , the attenuation mechanism is unknown. In the future, new types of live vaccine strains, such as a mutant strain from which the capsule gene is deleted ,-ῌ , may be necessary for the production of a safer live vaccine as well as a more molecular technique is desirable in the future to discriminate the vaccine strain from field isolates.
